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EXECUTIVE  SUMMARY 


Summary  of  the  Program 

This  final  report  covers  the  Joint  Services  Electronics  Program  at  the  Coordinated  Sciences 
Laboratory,  University  of  Illinois  at  Urbana-Chainpaign,  from  October  1,  1986  through  Sep¬ 
tember  30,  1989.  During  this  contract  period,  the  program  included  twenty-three  work  units  that 
covered  five  major  technical  areas:  (1)  Solid  State  Electronics,  (2)  Quantum  Electronics,  (3)  Elec¬ 
tromagnetics,  (4)  Information  Systems,  and  (5)  Electronics  Research  (Director’s  unit).  There  were 
seven  units  in  Physical  Electronics  devoted  mostly  to  the  growth,  characterization,  and  device  fabrica¬ 
tion  of  compound  semiconductor  materials.  Quantum  Electronics  included  three  units:  one  unit  stu¬ 
died  charge  density  waves  (DCWs)  in  superconducting  materials,  and  two  units  dealt  with  plasmas 
and  excited  state  chemistry  of  gases.  Electromagnetics  contained  two  units:  one  concentrated  on 
monolithic  millimeter-wave  ICs  with  microstrip  antennas  and  the  second  on  the  design  and  analysis  of 
nonreflecting  surface  structures  to  control  radar  scattering  characteristics.  There  were  ten  units  in 
Information  Systems  covering  important  topics  in  computers,  control,  communications,  and  signal 
processing.  Detailed  discussions  of  individual  accomplishments  can  be  found  in  the  "Annual  Progress 
Report"  covering  each  of  years  one,  two,  and  three  of  the  contract.  During  the  three-year  contract 
period,  eight  items  were  selected  from  among  the  many  significant  contributions  and  highlighted  as 
"JSEP  Most  Significant  Accomplishments."  These  accomplishments  are  summarized  below. 


JSEP  MOST  SIGNIFICANT  ACCOMPLISHMENTS  (October  1,  1986  -  September  30,  1989) 


The  Heterostructure  Hot  Electron  Diode  (Unit  2  and  Unit  5) 

Professors  J.  J.  Coleman  and  K.  Hess,  together  with  graduate  students  T.  K.  Higman  and 
M.  A.  Emanuel,  discovered  a  new  switching  mechanism  in  semiconductor  heterostructures  that 
resulted  in  the  development  of  a  new  electronic  device,  the  heterostructure  hot  electron  diode 
(H^ED).  The  operation  of  the  H^ED  is  based  on  a  transition  between  two  current  conduction  modes 
in  a  two-terminal  structure,  a  low  current  tunneling  mode,  and  a  high  current  thermionic  emission 
mode.  Switching  between  these  modes  gives  rise  to  an  S-shaped  negative  differential  resistance  in  the 
current  versus  voltage  characteristic  (as  shown  in  Figure  1).  These  devices  have  application  as  a 
microwave  oscillator.  Microwave  characterization  is  presently  in  progress,  and  preliminary  results 
have  demonstrated  test-fixture-limited  gain  to  18  GHz.  If  no  parasitic  effects  are  encountered,  and  if 
the  oscillation  frequency  is,  in  fact,  electron  transit  time  limited,  oscillation  in  the  lOOC  GHz  range 
may  be  possible. 

This  work  represents  a  synergistic  relationship  between  Pfofessor  Hess’s  theoretical  work  sup¬ 
ported  under  Unit  2  and  Professor  Coleman’s  experimental  work  supported  under  Unit  5.  Professor 
Hess  developed  the  theoretical  model  of  the  new  device  and  predicted  its  characteristics.  Professor 
Coleman  built  the  new  device  in  his  laboratory,  measured  the  physical  characteristics  of  his  experi¬ 
mental  sample,  and  is  presently  continuing  its  further  characterization  and  development.  It  was 
announced  in  a  press  release  by  the  University  of  Illinois  at  Urbana-Champaign  to  the  UPI  wire  ser¬ 
vice  that  a  patent  disclosure  has  been  filed  on  this  new  device,  and  a  number  of  publications  have 
appeared  describing  the  technical  details  of  the  H^ED. 
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Fig.  1.  Experimental  room  temperature  <lc  I-V  characteristics  for  the  Heterostructure  Hot 
Electron  Diode  (HHED)  exhibiting  the  expected  S-shaped  NDR.  The  structure,  grown 
on  a  (100)  GaAs:Si  n'*'  substrate,  consists  of  an  undoped  AlAs  barrier  (1500  A),  an 
undoped  GaAs  heating  region  (1300  A),  and  a  heavily  doped  n  +  Alo^oGaQgoAs  cap 
layer.  The  theoretical  maximum  frequency  of  oscillation  is  estimated  to  be  57  GHz. 


Error-Control  Coding  and  Spread-Spectrum  Communication  Technique.s  for  the  Army’.s 
SINCGARS  Radio  (Unit  21) 


Several  results  of  CSL  research  in  error-control  coding  and  spread-spectrum  communications 
have  been  incorporated  into  the  SINCGARS  radio  (Single  Channel  Ground/ Airborne  Radio  Subsys¬ 
tem).  This  radio,  the  Army’s  newest  tactical  radio,  was  developed  by  ITT  Aerospace/Optical  Divi¬ 
sion  for  voice  and  data  communications.  It  operates  in  both  a  single-channel  mode  and  a  frequency- 
hop  spread-spectrum  mode.  In  addition,  an  overlay  is  being  developed  by  ITT  and  SRI  International 
to  enable  SINCGARS  radios  to  operate  as  packet  radios  in  a  mobile  communication  network. 

Research  results  obtained  by  Professors  M.  B.  Pursley  and  D.  V.  Sarwate  and  their  graduate 
research  assistants  were  employed  by  Professor  Pursley  to  design  the  synchronization  sequence  that  is 
utilized  for  timing  acquisition  in  the  SINCGARS  receiver.  In  addition,  for  the  packet  radio  version 
of  SINCGARS  (known  as  the  SINCGARS  Packet  Overlay),  Professor  Pursley  developed  the  error- 
control  method  that  combines  Reed-Solomon  codes  with  side  information  derived  from  test  patterns. 
The  side  information  is  used  to  era.se  unreliable  data  at  the  output  of  the  demodulator  so  that  the 
input  to  the  decoder  is  a  combination  of  data  .symbols  and  special  erasure  symbols.  The  code  enables 
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the  receiver  to  correct  errors  and  erasures  caused  by  noise  and  interference  in  the  coniniunication 
channel.  'I'he  combination  of  coding  and  side  information  provides  the  capability  for  a  large  number 
of  SINCGARS  radios  to  operate  simidtaneously  in  the  same  frequency  band.  It  also  improves  the 
radio’s  ability  to  communicate  in  the  presence  of  various  types  of  electromagnetic  interference. 

The  decoding  algorithm,  developed  and  implemented  in  software  by  Professor  Sarwate,  is  basi¬ 
cally  a  mathematical  description  of  the  computations  required  to  correct  both  errors  and  erasures. 
The  actual  computations  prescribed  by  the  algorithm  arc  carried  out  in  a  microprocessor  contained  in 
the  radio.  The  resulting  decoder  is  capable  of  handling  data  rates  in  excess  of  16,000  data  symbols 
per  second,  the  maximum  signaling  rate  of  the  SINCGARS  radio. 

Professor  i  ursley  also  provided  the  analytical  tools  to  evaluate  the  performance  of  the  crrt>r- 
control  scheme  and  assess  its  impact  on  the  overall  communication  network  performance.  Analytical 
results  from  this  effort,  and  other  investigations  conducted  by  Professor  Pursicy  and 
Mr.  J.  R.  McChesney  of  ITT,  were  used  subsequently  in  the  .SINCGARS  packet  radio  network 
simulation  developed  for  the  Army  by  SRI. 

The  re-search  leading  to  the  development  of  the  approach  used  for  error  control  in  the 
SINCGARS  radio  was  funded  by  JSEP  during  the  early  stages,  funded  by  ARO  during  later  stages, 
and  developed  into  the  actual  SINCGAR.S  application  with  funds  provided  by  I  TP  and  under  indivi¬ 
dual  consulting  arrangements  with  SRI  and  ITT. 


Design  and  Fabriciition  of  a  VLSI  Digital  Filter  integrated  Circuit  Module  (Unit  17) 

For  a  number  of  years,  both  NSF  and  JSEP  have  supported  theoretical  studies  at  the  Coordi¬ 
nated  Science  Laboratory  on  the  use  of  residue  number  arithmetic  (RNS)  for  the  design  of  high¬ 
speed  VLSI  circuits  for  the  digital  signal-processing  functions  that  are  required  in  modern  communi¬ 
cation  and  radar  systems.  Two  years  ago,  Professors  Jenkins  and  S.  F'.  Lao  carried  out  the  successful 
design  and  fabrication  of  a  semicustom  VLSI  digital  filter  module  that  demonstrates  both  the  feasibil¬ 
ity  and  desirability  of  using  residue  number  theory  design  techniques  in  practice  (Unit  17).  A  semi¬ 
custom  integrated  circuit  module  was  designed  for  an  RNS  digital  filter  using  the  IBM  MVISA  CAD 
system  that  is  located  on  the  campus  of  the  University  of  Illinois  at  Urbana-Champaign.  A  pro¬ 
grammable  4-bit  module  was  designed  as  a  basic  building  block  for  a  finite  impulse  response  digital 
filter  that  has  order  8  and  14  bits  of  arithmetic  precision.  The  module  was  designed  using  finite  field 
logarithm  additions  to  completely  eliminate  conventional  multipliers  on  the  chip  and  thereby  improve 
speed  and  circuit  density.  The  chip  design  was  done  with  MVLSA  using  a  standard  cell  approach, 
and  MVLSA  was  then  used  to  simulate  the  hardware  operation  and  to  estimate  physical  parameters. 
The  chip  was  subsequently  fabricated  at  the  IBM  Manassas  facility,  and  10  samples  were  eventually 
returned  to  the  University  of  Illinois  at  Urbana-Champaign  for  testing  and  characterization.  MVISA 
estimates  that  the  4.2  mm  chip  consumes  89  mW  and  operates  at  a  system  cycle  frequency  of  10 
mHZ,  which  corresponds  to  a  data-cycle  frequency  of  1.2  mHz.  The  design  used  .>29  out  of  a  possi¬ 
ble  560  available  standard  cells.  A  photo  of  the  IC  layout  is  shown  in  Figure  2. 

Experience  gained  in  the  above  experiment  led  to  a  new  integrated  circuit  design  based  on  a 
modular  systolic  architecture.  This  new  IC  contains  a  fundamental  computational  element  that  is 
monitored  internally  on-chip  by  an  error  detection  scheme.  Many  similar  computational  modules  can 
be  interconnected  to  form  a  wide  variety  of  pipelined  systolic  arrays  for  implementing  important  com¬ 
putational  kernels  required  in  signal  processing  applications.  At  the  time  of  this  writing,  a  set  of  test 
chips  has  been  received  from  MOSIS  and  these  chips  are  now  being  tested  at  the  University  of  Illi¬ 
nois. 
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I'ig.  2.  A  VLSI  tligiial  filler  module  designed  with  ihe  MVISA  CAD  System, 


Modeling  smd  Simulation  of  New  Microelectronic  and  Optoelectronic  Devices  and  Circuits  with  the 
iSMILE  Program  (Unit  7) 


During  the  last  few  years,  Professors  S.  M.  Kang  and  T.  N.  Trick,  with  graduate  students 
K.  (joffi  and  A.  T.  Yang,  collaborated  on  the  development  of  circuit  im)dcls  for  High  lilcctron 
Mobility  rransistors  (IILMT)  under  the  JSEP  sponsorship,  rraditionally,  the  task  of  developing  new 
circuit  models  has  been  time  consuming,  mainly  due  to  the  intensive  line-by-line  modification  of  gen¬ 
eric  circuit  simulators  like  SPICE  or  SLATE.  As  a  result,  the  progress  in  computer-aided  simulation 
of  new  microelectronic  devices  and  circuit.s  has  been  hampered  by  the  slow  model  development  pro¬ 
cess. 

Under  the  JSEP  sponsorship.  Professor  Kang  and  his  Research  Assistant  A.  T.  Yang  initiated 
the  development  of  a  new  CAD  tool,  iSMILE  (Illinois  Simulator  for  Modeling  of  Integrated-circuit 
Level  Element.s).  This  program  was  first  tried  by  Dr.  Cioffi,  now  at  Rockwell  International,  for  his 
development  of  HEMT  models.  Circuit  models  are  described  to  iSMILE  by  using  a  simple  input  file 
containing  model  topology  descriptions  and  element  characteristic  equations.  The  iSMILE  program 
then  builds  a  circuit  simulator  based  on  circuit  models,  shielding  the  user  fr  the  laborious  line-by¬ 
line  program  modifications.  Owing  to  this  unique  feature,  the  model  development  time  is  reduced 
significantly  from  several  months  to  a  few  weeks  once  the  model  developer  has  a  clear  understanding 
of  mulerh  ing  ilcvicc  physics. 
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Further  UeveU)pmcnl  of  the  iSMILE  prrrgraiii  is  continuing  under  the  sponsorship  of  the 
National  Science  Foundation  (N.SF)  Engineering  Research  Center  for  Compound  Semiconductor 
Microelectronics.  iSMILE  has  been  used  to  develop  lo.s.sy  transmission  models,  multiple  quantum 
well  laser  diotle  models,  optical  waveguide  models,  and  pholodetector  circuit  models  in  cooperation 
with  Professors  J.  J.  Coleman,  T.  A.  DeTemple,  and  G.  E.  Stillman.  Using  these  models  and 
HEMT  models,  we  have  been  able  to  simulate  the  speed  performance  of  optical  interct)nnect  sys 
tents,  which  would  not  have  been  possible  in  such  a  short  time  without  iSMlI.E. 

The  unique  capability  of  the  iSMILE  program  has  been  well  rccttgnized  by  industry  collabora¬ 
tors.  At  their  request,  the  iSMILE  program  has  been  ported  to  industrial  researchers  at  Hewlett 
Packard,  Hoeing,  GTE,  ATAT,  TI,  and  several  universities.  Results  on  circuit  modeling  and  simula¬ 
tion  were  pre.senled  at  the  1988  International  Conference  on  Circuits  and  Systems  and  the  1988  Inter¬ 
national  Conference  on  Computer  Design.  Further  details  of  this  work  will  be  published  in  the  1989 
Design  Automation  conference  proceedings  and  journals.  It  was  through  the  intertlisciplinary  team 
effort  provided  under  the  sponsorship  of  JSEP,  NSF,  and  industry  that  enabled  the  devekipment  of 
new  circuit  models,  as  well  as  the  novel  CAD  tool,  iSMILE. 


Scanning  Tunneling  Microscopy  of  the  CDW  Discommensuration  Domain  Structure  in  the  Nearly 
Commensurate  Phase  of  lT-TaS2  (Unit  8) 

It  has  been  known  for  some  time  from  bulk  NMR  and  XPS  measurements  that  the  nearly  com¬ 
mensurate  CDW  phases  exhibited  by  some  of  the  layered  transition  metal  dichalcogenides  actually 
consist  of  relatively  small  commensurate  regions  separated  by  CDW  phase  kinks  or  discommensura- 
tions  (DCs).  Their  existence  and  microscopic  domain  structure  have  previously  been  predicted  by 
the  Ginzburg  Landau  approaches  of  McMillan  and  Nakanishi;  however,  no  direct  observation  of  the 
DC  domain  structure  has  been  made  until  now. 

Recently,  Profes,sor  Joe  Lyding  and  one  of  his  students,  Mr.  Stephen  Skala,  have  been  able  to 
use  their  new  variable  temperature  scanning  tunneling  microscope  (STM)  (thermal  drift  <  1  A  /hour) 
to  study  the  nearly  commensurate  phase  of  IT— TaS,.  Shown  in  Figure  3a  is  a  representative  STM 
image  in  which  the  larger  period  CDW  is  superimposed  against  the  sulfur  rows  of  the  atomic  lattice. 
From  images  like  this,  the  commensurability  of  the  CDW  relative  to  the  lattice  can  be  studied. 
Shown  in  Figure  3b  is  a  proposed  model  for  the  DC  structure  for  Figure  3a  and  for  IT-TaS,  in  gen¬ 
eral.  The  small  dots  denote  the  sulfur  atoms,  the  large  dots  are  the  CDW  maxima,  and  the  lines  are 
the  DCs  between  commensurate  regions.  Here  it  is  seen  that  the  domains  are  rhoinbohedral.  with  a 
characteristic  length  of  60  A  along  each  edge.  The  bold  line  to  the  right  of  Figure  3b  repre.scnts  a 
DC  with  a  larger  phase  kink  than  the  other  DCs.  The  observed  domain  structure  is  ni>t  the  hexago¬ 
nal  domain  structure  predicted  by  Nakanishi  but  one  in  which  there  are  two  equivalent  CDW 
wavevectors  (parallel  to  the  DC  boundaries),  while  the  third  wavevector  pas.ses  through  more  DCs 
per  unit  length.  This  model  also  yields  the  correct  average  orientation  of  the  incommensurate  CDW 
wavevector  relative  to  the  lattice,  as  determined  by  bulk  measurements. 


Controlled  Doping  in  MBE  Si:  Chemistry  at  the  Atomic  Level  (Unit  1) 

Fabrication  of  modern  microelectronic  devices  requires  precise  control  of  dopant  concentra¬ 
tions  and  depth  distributions.  Molecular  beam  epitaxy  (MBE)  is  presently  employed  in  many  critical 
applications,  such  as  the  growth  of  superlattices  and  modulation-doped  structures.  However,  most  of 
the  common  dopants  used  in  bulk  Si  wafers  present  serious  problems  during  film  growth  by  MBE  due 
to  low  incorporation  probabilities  and/or  pronounced  surface  segregation  giving  rise  to  uncontrolled 
profile  broadening. 
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f-ig.  3.  a)  STM  image  of  the  nearly  commensurate  phase  of  IT-TaS;  showing  the  orientation  of  the 
CDW  (large  period)  relative  to  the  atomic  sulfur  rows  of  the  lattice,  b)  Discommensuration 
model  constructed  from  a)  where  the  small  dots  are  atoms,  large  dots  are  CDW  maxima, 
and  the  lines  are  disconimensurations.  The  bold  line  is  a  discommensuration  having  a 
larger  phase  kink. 
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Under  JSEP  Unit  1,  Professor  Joe  Greene  has  been  investigating  the  use  of  low-energy  (50- 
5(X)  eV)  accelerated-ion  doping  during  MBE  Si  growth.  I'he  experiments  are  carried  out  using  new 
ultra-high  vacuum-compatible  low-energy  ion  sources,  which  were  developed  as  part  of  the  research 
program.  Sb,  an  important  shallow  donor  in  Si,  and  In,  a  deep  acceptor,  were  chosen  as  model 
dopant  materials. 

'Phermal  Sb^  and  In.  obtained  from  standard  effusion  cells,  have  low  incorporation  probabilities 
a  in  MBE  Si.  ranges  from  10~‘  to  10~  at  growth  temperatures  1 between  700  and  850  °C,  while 
<T,„  is  <  10“’  at  T,  >  550  °C.  These  dopants  also  exhibit  severe  surface  segregation  with,  in  the  case 
of  Sb,  steady-state  surface  accumulations  during  growth  of  up  to  a  full  monolayer.  This  not  only 
gives  rise  to  broad  doping  profiles  but  also  limits  the  maximum  usable  doping  concentrations.  For 
example,  obtaining  Sb  concentrations  higher  than  »5xl0'  -  lo'*  cm~'  with  thermal-doping  requires 
the  use  of  extremely  large  Sb^  fluxes,  which  results  in  the  production  of  a  high  concentration  of  struc¬ 
tural  defects  and  a  corresponding  decrease  in  electron  mobilities. 

The  University  of  Illinois  at  Urbana-Champaign  Thin  Film  Physics  Group  is  employing  a  combi¬ 
nation  of  Auger  electron  spectroscopy  (AES),  low  energy  and  reflected  high-energy  electron  diffrac¬ 
tion  (FEED  and  RHEED),  plan-view  and  cross-sectional  transmission  electron  microscopy  (TEM  and 
XTEM),  secondary-ion  mass  spectrometry  (SIMS),  and  temperature-dependent  Hall  measurements  to 
investigate  the  growth,  structure,  dopant  distribution,  and  electrical  properties  of  Si  films  grown  at 
T5=800‘’C  with  150  eV  Sb''’  and  200  eV  In^  dopant  beams.  Sb  and  In  were  found  to  incorporate,  with 
unitv  probability,  into  substitutional,  electrically  active  sites  at  concentrations  up  to  at  least 

*  19  *  — ’  18  '  * 

3x10  cm  ■  and  1x10  cm  ',  respectively.  The  films  were  essem'ally  dislocation  free  with  no  indica¬ 
tion  of  residual  ion-induced  damage.  Data  presented  in  Figure  4  show  that  carrier  mobilities  of  Sb 
and  In  ion-doped  films  are  equal  to  the  best  reported  values  for  bulk  Si  even  at  doping  concentrations 
extending  well  above  those  attainable  by  thermal-beam  MBE.  In  fact,  the  hole  mobilities  are  the 
highest  ever  reported  for  In-doped  Si  (note  that  the  solid  curve  in  Figure  4  corresponds  to  Si:B), 
whether  bulk  or  thin  film.  Doping  profiles  in  accelerated-beam  modulation-doped  structures  were 
extremely  abrupt.  There  was  no  indication  from  in  situ  AES  and  RHEED  analyses  of  significant 
dopant  surface  accumulation  during  growth. 


Conception  and  Demon.stration  of  a  New  Mechanism  of  Tunnel  Injection  (Unit  24) 

Professors  Adesida,  Kolodzey,  and  Leburton  recently  reported  the  conception  and  experimental 
verification  of  a  new  mechanism  of  tunnel  injection  into  the  active  region  of  MODFET  structures. 
Injection  occur,*,  through  a  tunnel  junction  parallel  to  the  MODFET  channel  and  is  the  basic  mechan¬ 
ism  for  sophisticated  high-speed  multi-terminal  devices.  Two  novel  transistor  structures  were 
proposed — the  BiTFET  and  the  TIFET — that  exploit  the  new  injection  principle  in  a  configuration 
leading  to  Negative  Differential  Resistance  (NDR)  characteristics.  Theoretical  estimates  of  the 
relevant  time  constants  indicate  possible  operation  in  the  100  GHz  range. 

With  barr'"r  height  equal  to  the  band  gap,  the  use  of  tunnel  junctions  has  the  advantage  of 
reducing  thermionic  emission  competing  with  the  tunneling  current  and  results  in  high  peak-to-valley 
NDR  ratios  that  are  suitable  for  high-power  microwave  devices. 

TIFET  structures  have  been  fabricated  and  tested  in  our.  laboratory.  Experimental  TV  charac¬ 
teristics  show  evidence  of  tunneling  in  the  2-D  channel  of  the  MODFET  across  the  tunnel  junction 
(see  Figure  5).  A  patent  application  for  the  new  devices  has  been  filed  by  University  Patents,  Inc. 
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Fig.  4.  Experimental  carrier  mobilities  of  Sb  and  In  ion-doped  films. 
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Fig.  5.  Conductance  vs.  V^j  for  GaAs/AlGaAs  TIFET  Device,  1,^  =  +5mA,  =  IV 


Completion  of  the  University  of  Illinois  EpiCenter  (Unit  23) 


In  late  1989  construction  of  the  University  of  Illinois  EpiCenter  was  completed  and  researchers 
are  now  successfully  growing  materials.  The  EpiCenter  is  a  world-class  facility  that  consists  of  seven 
MBE  chambers  interconnected  by  high-vacuum  transfer  tubes.  Having  the  chambers,  each  of  which 
is  dedicated  to  a  different  type  of  material  growth  and  characterization,  interconnected  by  vacuum 
lines  allows  samples  to  be  moved  from  one  growth  environment  to  another  without  external  contami¬ 
nation.  Since  the  planning  for  this  new  facility  was  begun  about  five  years  ago  and  the  construction 
has  taken  two  years,  the  completion  of  this  project  is  a  major  accomplishment.  All  of  the  JSEP  dis¬ 
cretionary  funds  provided  under  Unit  23  of  the  86-89  contract  were  applied  toward  the  purchase  of 
several  MBE  chambers  that  will  support  future  MBE  research  in  the  JSEP  program.  Since  the  Epi¬ 
center  is  described  in  detail  in  the  Annual  Progress  Report  for  year  three  of  the  contract,  further 
details  will  not  be  presented  in  this  report. 
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TITLE:  Studies  of  Transport  Phenomena  in  Semiconductors 
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[9]  A.  D.  Reed,  S.  S.  Hose,  and  G.  E.  SliUnian,  "Residual  carbon  acceptor  incorporation  in 
gallium  arsenide  grown  bv  inetalorganic  chemical  vapor  deposition,” /\pp/.  Phy.s.  Lett.,  vol.  54, 
pp.  1262-1264,  Mar.  1989'.  (JSElVDARPA) 
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[11)  B.  Lee,  S.  S.  Bd.se,  M.  H.  Kim,  A.  D.  Reed,  and  G.  E.  Stillman,  "Orientation  dependent 
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WORK  UNIT  NUMBER  5 


TITLE;  Heterostructure  Electronic  Devices  bv  Metalorganic  Chemical  Vapor  Deposition 
(MOCVD) 

SENIOR  PRINCIPAL  INVESTIGATOR: 

J.  J.  Coleman,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 
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"Microwave  frequency  operation  of  the  heterostructure  hot-electrode  diode,"  Electron  Dev. 
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WORK  UMT  NUMBER  6 


TITLE:  Optical  Properties  of  M13E-Gro\vn  Structures 


SENIOR  PRINCIPAL  INVESTIGATORS: 

M.  V.  Klein,  Research  Professor 
H.  Morkot:  Research  Associate  Professor 


JSEP-SPONSORED  PUBLICATIONS 
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[2]  D.  Y.  Oberli,  D.  R.  Wake,  M.  V.  Klein,  J.  Klem,  and  H.  Morkoc,  'Transient  Raman 
scattering  in  multiple  quantum  well  structures,”  in  Ultrafast  Phenomena  V,  G.  R.  Fleming  and 
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[7]  V.  K.  Arora,  D.  S.  L.  Mui,  and  H.  Morkop,  "High-field  electron-drift  velocity  and  temperature 
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resolved  Raman  scattering  in  GaAs  quantum  wells,"  Phys.  Rev.  Lett.,  vol.  59,  pp.  696-699, 
1987;  also,  Proc.  SPIE,  vol.  793,  1987,  pp.  58-61.  (NSF/AFOSR/JSEP) 
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GaAs/(AI,Ga)As  multiple  quantum  wells  by  photoreflectance"  J.  Appl.  Phys.,  vol.  62,  no.  1, 
pp.  145-151,  July  1,  1987.  (JSEP/AFOSR) 

[11]  R.  Hoiidre,  G.  Munns,  H.  Morkoc,  C.  Choi,  N.  Otsuka,  S.  L.  Zhang,  O.  Levi,  and  M.  V. 
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[12]  U.  K.  Reddy,  R.  Houdre,  G.  Munns,  G.  Ji,  H.  Morkof,  M.  Longerbone,  L.  Davis,  B.  P.  Gu, 
and  N.  Otsuka,  "Investigation  of  GaAs/(Al,Ga)As  multiple  quantum  wells  grown  on  Ge  and  Si 
substrates  by  molecular-beam  epitaxy,"  7.  Appl.  Phys.,  vol.  62,  no.  12,  pp.  4858-4862,  Dec.  15, 

1987.  (JSEP/AFOSR) 

[13]  D.  Y.  Oberli,  D.  R.  Wake,  M.  V.  Klein,  T.  Henderson,  and  H.  Morkop,  "Intersubband 
relaxation  of  photoexcited  hot  carriers  in  quantum  wells,"  Solid-State  Electron.,  vol.  31, 
no.  3/4,  pp.  413-418,  1988.  (NSF/AFOSR/JSEP) 

[14]  Z.  Shulin,  T.  A.  Gant,  M.  Delaney,  M.  V.  Klein,  J.  Klem,  and  H.  Morkop,  "Resonant 
behavior  of  GaAs  LO  phonons  in  a  GaAs-AlAs  superlattice,"  Chinese  Phys.  Lett.,  vol.  5, 
no.  3,  pp.  113-116,  1988.  (NSF/JSEP/AFOSR) 

[15]  M.  V.  Klein,  T.  A.  Gant,  D.  Levi,  and  S.-L.  Zhang,  "Raman  studies  of  phonons  in 
GaAs/AlGaAs  superlattices,"  in  Laser  Optics  of  Condensed  Matter,  Proc.  Third  Binational 
USA-USSR  Symp.  Laser  Optics  of  Condensed  Matter,  Leningrad,  USSR,  June  1-6,  1987,  J.  L. 
Birman,  H.  Z.  Cummins,  and  A.  A.  Kaplyanski,  Eds.  New  York  and  London:  Plenum  Press, 

1988,  pp.  119-126.  (NSF/JSEP/AFOSR) 

[16]  D.  Y.  Oberli,  D.  R.  Wake,  and  M.  V.  Klein,  "Picosecond  Raman  and  luminescence  studies  of 
carrier  relaxation  in  quantum  wells,"  Laser  Optics  of  Condensed  Matter,  Proc.  Third  Binational 
USA-USSR  Symp.  Laser  Optics  of  Condensed  Matter,  Leningrad,  USSR,  June  1-6,  1987,  J.  L. 
Birman,  H.  Z.  Cummins,  and  A.  A.  Kaplyanski,  Eds.  New  York  and  London:  Plenum  Press, 
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WORK  UNIT  NUMBER  7 


TITLE:  Computer-Aided  Design  of  High-Performance  Integrated  Circuits  with  Ultra-Small  Features 


SENIOR  PRINCIPAL  INVESTIGATORS: 

I.  N.  Hajj,  Research  Professor 

S.  M.  Kang,  Research  Professor 

V.  B.  Rao,  Research  Assistant  Professor 


JSEP-SPONSORED  PUBLICATIONS 

[1]  R.  D.  Freedman,  S.  M.  Kang,  C.  G.  Lin-Hendel,  M.  L.  Newby,  "Extraction  of  SPICE  circuit 
models  from  symbolic  gate  matrix  layout  with  pruning,"  in  ACM/IEEE  Design  Automation 
Conf.  Proc.,  Las  Vegas,  NV,  June  1986,  pp.  418-424.  (JSEP/AT&T) 

[2]  S.  M.  Kang  and  H.  Y.  Chen,  "Modeling  of  propagation  delay  for  a  class  of  domino  CMOS 
circuits,"  in  Proc.  29th  Midwest  Symp.  on  Circuits  and  Syst.,  Lincoln,  NB,  Aug.  1986,  pp.  907- 
910.  (JSEP/SRC) 

[3]  S.  M.  Kang,  "Simulation  of  power  dissipation  in  VLSI  circuits,"  IEEE  J.  on  Solid-State 
Circuits,  vol.  SC-21,  no.5,  pp.  ^-891,  Oct.  1986.  (JSEP/SRC) 

[4]  K.  IS..  Cioffi,  A.  Yang,  T.  N.  Trick,  and  S.  M.  Kang,"  A  charge-controlled  circuit  simulation 
model  for  MODFETs,"  Workshop  on  Numerical  Modeling  of  Processes  and  Devices  of 
Integrated  Circuits,  Palo  Alto,  CA,  Nov.  1986.  (JSEP) 

[5]  S-L.  Su,  V.  B.  Rao,  and  T.  N.  Trick,  "A  simple  and  accurate  node  reduction  technique  for 
interconnect  modeling  in  circuit  extraction,"  IEEE  hit.  Conf.  Comput. -Aided  Design,  Santa 
Clara,  CA,  Nov.  1986.  (JSEP) 

[6]  T.  K.  Yu,  S.  M.  Kang,  I.  N.  Hajj,  and  T.  N.  Trick,  "Statistical  modeling  of  VLSI  circuit 
performances,"  Digest  of  Technical  Papers,  IEEE  hit.  Conf.  on  Computer-Aided  Design,  Santa 
Clara,  CA,  pp.  224-227,  Nov.  1986.  (JSEP/SRC) 

[7]  V.  B.  Rao  and  T.  N.  Trick,  "Network  partitioning  and  ordering  for  MOS  VLSI  circuits,"  IEEE 
Trans.  Comput.-Aided  Design  of  Integrated  Circuits  and  Syst.,  vol.  CAD-6,  No.  1,  Jan.  1987. 
(JSEP/IBM) 

[8]  S.  M.  Kang,  "Physical  design  of  microprocessors,"  IEEE  Des.  and  Test  of  Comput.,  vol.  4,  no. 
3,  pp.  10-11,  June  1987.  (JSEP/SRC) 

[9]  S.  M.  Kang  and  J.  P.  Ebner,  "Accurate  I/O  timing  measurement  of  high-speed  VLSI  devices," 
Proc.  30th  Midwest  Symp.  on  Circuits  and  Systems,  Aug.  1987,  pp.  532-535.  (JSEP/SRC) 
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[10]  J.  L.  Krysl  and  S.  M.  Kang,  'The  inetastability  properties  and  optimization  of  CMOS  memory 
devices,”  Proc.  European  Conf.  on  Circuit  Theorv  and  Design,  Sept.  1987,  pp.  759- 
763.  (JSEP/SRC) 

[11]  S.  M.  Kang,  "Metal-metal  matrix  (M^)  for  high-speed  MOS  VLSI  layout,"  IEEE  Trans. 
Comput. -Aided  Des.,  vol.  CAD-6,  no.  5,  pp.  886-891,  Sept.  1987.  (SRC/JSEP) 

[12]  F.  P.  Lai,  S.  M.  Kang,  T.  N.  Trick,  and  V.  11.  Rao,  “iJADE:  A  rule-ba.sed  hierarchical  CMOS 
VLSI  Optimizer,”  Proc.  hit.  Conf.  on  Comp.  Design,  ICCD-87,  Port  Chester,  NY,  Oct.  1987, 
pp.  38-41.  (JSEP/SRC) 

[13]  D.  C.  Yeh,  S.  M.  Kang,  and  V.  B.  Rao,  "Logic  circuit  partitioning  with  complexity-based  gate 
weighting,"  Proc.  Int.  Conf.  on  Computer  Design,  Oct.  1987,  pp.  358-361. 

[14]  F.  P.  Lai,  S.  M.  Kang,  and  T.  N.  Trick,  "A  timing  error  corrector  for  VLSI  synchronous  path 
circuits,"  Proc.  Int.  Conf.  on  Computer-Aided  Design,  Nov,  1987,  pp.  48-51.  (iSEP/SRC) 

[15]  O.  Tejayadi  and  1.  N.  Haij,  "Dynamic  partitioning  method  for  piece-linear  MOS  design,"  Proc. 
Int.  Conf.  on  Computer-Aided  Design,  Santa  Clara,  CA,  Nov.  1987,  pp.  102-105.  (JSEP/SRC) 

[16]  M.  Y.  Wu  and  1.  N.  Hajj,  "Modified  sequential  CMOS  circuit  design,"  Proc.  Int.  Conf.  on 
Computer-Aided  Design,  Santa  Clara,  CA,  Nov.  1987,  pp.  460-463.  (JSEP) 

[17]  T.  K.  Yu,  S.  M.  Kang,  1.  N.  Hajj,  and  T.  N.  Trick,  "Statistical  performance  modeling  and 
parametric  yield  estimation  of  MOS  VLSI,"  IEEE  Trans.  Comput.  Aided  Des.,  vol.  CAD-6, 
no.  6,  pp.  1013-1022,  Nov.  1987.  (JSEP/SRC) 

[18]  1.  N.  Hajj,  G.  DeMicheli,  and  H.  Hsieh,  "Decomposition  techniques  for  large-scale  circuit 
simulation,"  in  Circuit  Analysis,  Simulation  and  Design,  North-Holland  Publishing  Co.,  A 
Ruehi,  Ed.,  1987.  (JSEP) 

[19]  M.  E.  Mokari-Bolhassan  and  S.  M.  Kang,  "Analysis  and  correction  of  VLSI  delay 

measurement  errors  due  to  transmission  line  effects,"  IEEE  Trans.  Circuits  and  Syst.,  vol. 
CAS-35,  no.  1,  pp.  19-25,  Jan.  1988.  (JSEP/SRC) 

[20]  D.  W.  Smart  and  T.  N.  Trick,  "Waveform  relaxation  on  parallel  processors,"  Int.  J.  Circuit 
Theory  Appl.,  vol.  16,  no.  4,  pp.  447-456,  Oct.  1988.  (JSEP/SRC) 

[21]  T.  K.  Yu  and  S.  M.  Kang,  "Statistical  MOS  VLSI  circuit  optimization  with  non-nested 

experimental  design,"  in  Proc.  Int.  Symp.  Circuits  and  Syst.,  June  1988,  pp.  1799- 

1802.  (JSEP/SRC) 

[22]  K.  R.  Cioffi,  S.  M.  Kang,  and  T.  N.  Trick,  "Circuit  simulation  models  for  the  high  electron 
mobility  transistor,"  in  Proc.  Int.  Symp.  Circuits  and  Syst.,  June  1988,  pp.  405-408.  (JSEP) 

[23]  P.  Gee,  I.  N.  Hajj,  and  S.  M.  Kang,  "iSILVER:  a  symbolic  layout  generator  for  MOS 
circuits,"  in  Proc.  Midwest  Symp.  on  Circuits  and  Syst.,  Aug.  1988,  pp.  142-145.  (JSEP/SRC) 

[24]  D.  G.  Saab,  A.  T.  Yang,  and  1.  N.  Hajj,  "Delay  modeling  and  timing  of  bipolar  digital 

circuits,”  in  Proc.  25th  Des.  Automat.  Conf.,  Anaheim,  CA,  June  1988,  pp.  288- 

293.  (SRC/JSEP) 
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simulation,"  hit.  J.  Circuit  Theory  AppL,  Special  Issue  of  Fundamental  Methods  in  Computer- 
Aided  Circuit  Design,  pp.  457-472,  Oct.  1988.  (SRC/JSEP) 

[26]  H.  Y.  Chen  and  S.  M.  Kang,  "iCOACH:  A  circuit  optimization  aid  for  CMOS  high- 
performance  circuits,"  in  Proc.  1988  Int.  Conf.  on  Comput.  Des.,  Nov.  1988,  pp.  372- 
375.  (JSEP/SRC) 

[27]  T.  K.  Yu,  vS.  M.  Kang,  I.  N.  Hajj,  and  T.  N.  Trick,  "iEDISON:  An  interactive  statistical 
design  tool  for  MOS  VLSI  circuits,"  in  Proc.  1988  hit.  Conf.  on  Comput.  Des.,  Nov.  1988, 
pp.  20-23.  (JSEP/SRC) 

[28]  1.  Hajj  and  O.  Tejayadi,  "Parallel  solution  of  piecewise-linear  transistor  circuits,"  in  Proc.  Int. 
Symp.  Circuits  and  Syst.,  Portland,  OR,  May  1989,  pp.  681-684.  (JSEP/SRC) 

[29]  S.  M.  Kang  and  H.  Y.  Chen,  "A  global  delay  model  for  domino  CMOS  circuits,"  to  appear  in 
Int.  J.  Circuit  Theory  Appl.  (JSEP/SRC) 

[30]  W.  J.  Welch,  T.  K.  Yu,  S.  M.  Kang,  and  J.  Sacks,  "Computer  experiments  for  quality  control 
by  parameter  design,"  to  appear  in  J.  Quality  Technol.  (JSEP/SRC) 

[31]  M.-Y.  Wu  and  1.  N.  Hajj,  "Switching  network  logic  approach  to  sequential  MOS  circuit 
design,"  IEEE  Trans.  Comput  .-Aided  Des.,  July  1989,  pp.  782-794.  (SRC/JSEP) 

[32]  S.  M.  Kang  and  H.  Y  Chen,  "Circuit  design  optimization  for  CMOS  VLSI,"  in  Advances  in 
Computer-Aided  Engineering  Design,  I.  N.  Hajj,  Ed.,  JAI  Press,  1989  (to 
appear).  (JSEP/SRC) 

[33]  P.  Gee,  M.-Y.  Wu,  1.  N.  Hajj,  S.  M.  Kang,  and  W.  Shu,  "Automatic  circuit  synthesis  using 
switching  network  logic  and  metal-metal-matrix  (M^  layout,"  in  Advances  in  Computer-Aided 
Engineering  Design,  1.  N.  Hajj,  Ed.,  JAI  Press,  1989.  (JSEP/SRC) 

[34]  1.  N.  Hajj  and  S.  Skelboe,  "Multilevel  parallel  solver  for  banded  linear  systems,"  in  Aspects  of 
Computation  on  Asynchronous  Parallel  Processors,  M.  H.  Wright,  Ed.  North  Holland: 
Elsevier  Science  Publishers  B.  V.,  1989,  pp.  69-78.  (JSEP/INTEL) 

[35]  P.  Gee,  1.  N.  Hajj,  and  S.  M.  Kang,  "An  improved  min-cut  approach  for  gate  matrix  and 
metal-metal  matrix  circuit  layout,"  32nd  Midwest  Symp.  on  Circuits  and  Syst.,  Champaign,  IL, 
Aug.  1989.  (JSEP) 

[36]  Y.  H.  Shih  and  S.  M.  Kang,  "Fast  MOS  circuit  simulation  with  a  direct  equation  solver,"  Int. 
Conf.  on  Comput.  Des.,  Oct.  1989,  pp.  276-279.  (JSEP/AT«&T) 
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WORK  UNIT  NUMBER  24 
(Unit  began  2nd  reporting  period) 


TITLE:  Electronic  and  Transport  Properties  of  Ultra-Low-Diniensional  Structures 


SENIOR  INVESTIGATORS: 

J.  P.  Leburton,  Research  Associate  Professor 

I.  Adesida,  Research  Assistant  Professor 

J.  Kolodzey,  Research  Assistant  Professor 


JSEP-SPONSORED  PUBLICATIONS 


[1]  J.  P.  Leburton,  "Anomalous  current  oscillations  in  semiconductor-insulator-seiniconductor 
structures  and  related  devices,"  in  The  Physics  of  the  Two-Dimensional  Electron  Gas,  J.  T. 
Devreese  and  F.  M.  Peelers,  Eds.  Plenum  Pub.,  1987,  pp.  227-257.  (JSEP) 

[2]  J.  P.  Leburton,  "Microscopic  interpretation  of  the  current  oscillations  in 
GaAs'*’-AlGaAsGaAs~  tunnel  junctions,”  Proc.  18th  Int.  Conf.  on  the  Physics  of 
Semiconductors,  Stockholm,  Sweden,  1986,  Engstrom,'Ed.:  World  Scientific  Press,  1987,  pp. 
1623-1626.  (JSEP) 

[3]  M.  A.  Emanuel,  T.  -K.  Higinan,  J.  M.  Higman,  J.  S.  Kolodzey,  J.  J.  Coleman,  and  K.  Hess, 
'Theoretical  and  experimental  investigations  of  the  heterostructure  hot  electron  diode,"  Solid- 
State  Electron.,  vol.  31,  pp.  589-592,  1988.  (ONR/JSEP/NSF) 

[4]  J.  P.  Leburton  "Phonon  ionization  of  neutral  donors  in  lightly  doped  GaAs;  A  model  for  the 
conductance  oscillations  in  semiconductor-insulator-semiconductor  tunnel  structures,"  Phys. 
Rev.  B,  vol.  38,  pp.  4085,  1988.  (JSEP) 

[5]  J.  P.  Leburton,  J.  Kolodzey,  and  S.  Briggs,  "Bipolar  tunneling  field  effect  transistor:  a  three- 
terminal  negative  differential  resistance  device  for  high-speed  applications,"  Appl.  Phvs.  Lett. 
vol.  52,  pp.  1608-1610,  1988.  (JSEP/NSF) 

[6]  J.  Kolodzey,  J.  Laskar,  T.  K.  Higman,  M.  A.  Emanuel,  J.  J.  Coleman,  and  K.  Hess, 
"Microwave  frequency  operation  of  the  heterostructure  hot  electron  diode,"  IEEE  Electron 
Device  Lett.,  vol.  9,  pp.  272-274,  1988.  (NSF/JSEP) 

[7]  J.  P.  Leburton  and  J.  Kolodzey,  'Tunneling  injection  into  modulation  doping  structures:  a 
mechanism  for  negative  differential  resistance  three-terminal  high-speed  devices,"  IEEE  Trans. 
Electron  Dev.,  vol.  35,  no.  9,  pp.  1530-1532,  Sept.  1988.  (JSEP/NRL/NSF) 

[8]  S.  Briggs  and  J.  P.  Leburton,  "Size  effects  in  multisubband  quantum  wire  structures,"  Phys.  Rev. 
B,  vol.  38,  pp.  8163-8169,  1988.  (NSF/JSEP) 
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[9]  S.  Briggs  and  J.  P.  Leburton,  "Resonant  Inter-subband  optic  phonon  scattering  in  quasi-onc 
dimensional  structures,”  Proc.  4th  hit.  Conf.  on  Superlattices,  Microstructures  and  Microdevices, 
Trieste,  Italy  1988;  also,  Superlatt.  Microstruct.,  vol.  5,  no.  2,  pp.  145-148,  1989.  (NSF/JSF.P) 

[10]  I.  Adesida,  E.  Andideh,  A.  Ketterson,  T.  Brock,  and  O.  Aina,  "Reactive  ion  etching  of 
submicronieter  structures  in  InP,  InGaAs  and  InAlAs,"  in  GoAs  and  Related  Compounds  1988, 
Institute  of  Phys.  Conf.  Series  #96,  p.  425  (1989).  (JSEP/NSF) 

[11]  I.  Adesida,  A.  Ketterson,  T.  Brock,  J.  Laskar,  J.  Kolodzey,  O.  Aina,  and  H.  Hier, 
"Fabrication  and  characterization  of  short  gate  length  InAlAs/InGaAs/InP  MODFlils,” 
Microelectronic  Engineering  J.,  vol.  9,  p.  345,  1989;  also  presented  at  the  14th  Int.  Conf.  on 
Microlithography,  Vienna,  Austria,  Sept.  1988.  (JSEP/NSF) 

[12]  A.  Ketterson,  E.  Andideh,  I.  Adesida,  T.  Brock,  J.  Baillargeon,  J.  Laskar,  K.  Y.  Cheng,  and 
J.  Kolodzey,  "Selective  reactive  ion  etching  for  short  gate-length  GaAs/AfGaAs  pscudomorphic 
MODFETs,"  J.  Vac.  Sci.  Technol.,  Nov./Dec.  1989  (to  appear);  also  presented  at  the  33rd  Int. 
Syinp.  on  Electron,  Ion,  and  Photon  Beams,  Monterey,  CA,  May  1989.  (JSEP/NSF) 

[13]  E.  Andideh,  I.  Adesida,  T.  Brock,  C.  Caneau,  and  V.  Keramidas,  "Short  period  gratings  for 
long  wavelength  optical  devices,"  J.  Vac.  Sci.  Technol.,  Nov./Dec.  1989  (to  appear);  also 
presented  at  the  33rd  Int.  Symp.  on  Electron,  Ion,  and  Photon  Beams,  Monterey,  CA,  Mav 
1989.  (JSEP/NSF) 

[14]  I.  Adesida,  A.  Ketterson,  J.  Laskar,  S.  Agarwala,  T.  Brock,  J.  Kolodzey,  and  H.  Morkop, 
"0.2/(m  T-gate  InAlAs/InGaAs  MODFET  with  f^  =  170  GHZ,"  presented  at  Microcircuit 
Engineering,  Sept.  1989,  Cambridge  University,  England;  also  to  appear  in  Microelectronic 
Engineering  J.  (JSEP/NSF/AFOSR) 
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WORK  UNIT  NUMBICR  8 


TITLE:  Collective  Electronic  Transport  in  Quasi  One-Dimensional  Systems 

SENIOR  PRINCIPAL  INVESTIGATORS: 

J.  R.  Tucker,  Research  Professor 

J.  W.  Lyding,  Research  Associate  Professor 


JSEP-SPONSORED  PUBLICATIONS 


[1]  R.  E.  Thome,  J.  R.  Tucker,  J.  Bardeen,  S.  E.  Brown,  and  G.  Griiner,  "Phase-locking  in  charge 
density  wave  transport,"  Phys.  Rev.  B,  vol.  B33,  pp.  7342-7345,  1986.  (JSEP) 

[2]  R.  E.  Thorne,  W.  G.  Lyons,  J.  H.  Miller,  Jr.,  J.  W.  Lyding,  and  J.  R.  Tucker,  "Current 
oscillations  in  charge  density  wave  transport,”  Phys.  Rev.  B,  vol.  B34,  pp.  5988-5991, 
1986.  (JSEP/NSF) 

[3]  J.  R.  Tucker,  "Dynamics  of  sliding  charge  density  waves,"  Physica,  vol.  143B,  pp.  19-23, 
1986.  (JSEP/NSF) 

(4j  J.  R.  Tucker,  W.  G.  Lyons,  J.  H.  Miller,  Jr.,  R.  E.  Thorne,  and  J.  W.  Lyding,  "Origin  of  the 
dielectric  relaxation  frequency  in  sliding  charge  density  wave  systems,"  Phys.  Rev.,  vol.  B34,  pp. 
9038-9041,  1986.  (JSEP/NSF) 

[5]  R.  E.  Thorne,  J.  R.  Tucker,  and  J.  Bardeen,  "Experiment  versus  the  classical  deformable 
model  of  charge  density  waves,"  Phys.  Rev.  Lett.,  vol.  58,  pp.  828-831,  1987.  (JSEP/NSF) 

[6]  R.  E.  Thorne,  W.  G.  Lyons,  J.  W.  Lyding,  J.  R.  Tucker,  and  J.  Bardeen,  "Charge  density  wave 
transport  in  quasi  one-dimensional  conductors:  I.  Current  oscillations,"  Phys.  Rev.  B,  vol.  35, 
no.  12,  pp.  6348-6359,  Apr.  15,  1987.  (JSEP/NSF) 

[7]  R.  E.  Thorne,  W.  G.  Lyons,  J.  W.  Lyding,  J.  R.  Tucker,  and  J.  Bardeen,  "Charge  density  wave 
transport  in  quasi  one-dimensional  conductors:  11.  Ac-dc  interference  phenomena,"  Phys.  Rev. 
B,  vol.  35,  no.  12,  pp.  6360-6372,  Apr.  15,  1987.  (JSEP/NSF) 

[8]  J.  R.  Tucker,  "Proposed  NMR  test  of  strong  pinning  and  phase-slip  in  sliding  charge  density 
wave  systems,"  Phys.  Rev.  Lett.,  vol.  60,  pp.  1574-1577,  1988.  (JSEP/NSF) 

[9]  R.  E.  Thome,  J.  S.  Hubacek,  W.  G.  Lyons,  J.  W.  Lyding,  and  J.  R.  Tucker,  "Ac-dc 
interference,  complete  mode-locking,  and  origin  of  coherent  oscillations  in  sliding  charge 
density  wave  systems,"  Phys.  Rev.  B,  vol.  37,  pp.  10055-10067,  1988.  (JSEP/NSF) 

[10]  J.  R.  Tucker,  W.  G.  Lyons,  and  G.  Gammie,  "Theory  of  charge  density  wave  dynamics,"  Phys. 
Rev.  B,  vol.  38,  pp.  1148-1171,  1988.  (JSEP/NSF) 

[11]  W.  G.  Lyons  and  J.  R.  Tucker,  "Interpretation  of  the  complete  excitation  spectmm  for  pinned 
charge  density  waves,"  Phys  Rev.  B.,  vol.  38,  pp.  4303-4306,  1988.  (JSEP/NSF) 
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[121  R-  Tucker  and  W.  G.  Lyons,  "Low-temperature  depinning  of  sliding  charge  density  waves," 
Phys.  Rev.  B.,  voL  38,  pp.  7854-7857,  1988.  (JSLP/NSF) 
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WORK  UNIT  NUMBER  9 


TITLE:  An  Investigation  of  Plasma  and  Chemistry  Processes  in  Cylindrical  Magnetron  Plasma 
Discharges 


SENIOR  PRINCIPAL  INVESTIGATORS: 

J.  A.  Thornton,  Research  Professor  (deceased) 

M.  J.  Knshner,  Research  Associate  Professor  (2nd  and  3rd  reporting  periods  only) 


JSEP-SPONSORED  PUBLICATIONS 

[1]  J.  A.  Thornton,  "RF  driven  cylindrical  magnetron  discharge  sources,"  Keynote  Address  to  be 
presented  at  1987  Annual  Symposium  of  the  upstate  New  York  Chapter  of  the  American 
Vacuum  Society,  Rochester,  New  York,  June  17-19,  1987  (invited).  (JSEP) 

[2]  G.  Y.  Yeom,  J.  A.  Thornton,  and  A.  S.  Penfold,  "Magnetic  field  designs  for  cylindrical-post 
magnetron  discharge  sources,"  J.  Vac.  Sci.  Technol.  A,  vol.  6,  no.  6,  pp.  3156-3158, 
1988.  (JSEP) 

[3]  G.  Y.  Yeom,  J.  A.  Thornton,  and  M.  J.  Kushner,  "Cylindrical  magnetron  discharges:  I. 
Current-voltage  characteristics  for  dc  and  rf-drivert  discharge  sources,"  J.  Appl.  Phys.,  vol.  65, 
no.  10,  pp.  3816-3824,  1989.  (JSEP) 

[4]  G.  Y.  Yeom,  J.  A.  Thornton,  and  M.  J.  Kushner,  "Cylindrical  magnetron  discharges:  II.  The 
formation  of  dc  bias  in  rf-driven  discharge  sources,"  J.  Appl.  Phys.,  vol.  65,  no.  10,  pp.  3825- 
3832,  1989.  (JSEP) 

[5]  G.  Y.  Yeom  and  M.  J.  Kushner,  "Magnetic  field  effects  on  cylindrical  magnetron  reactive  ion 
etching  of  Si/SiOi  in  CF4  and  CF4/H,  plasmas,"  Amer.  Vac.  Soc.  Fall  Mtg.,  Atlanta,  GA, 
1988;  also,  J.  Vac' Sci.  Technol.  A.,  vof.  7,  no.  3,  pp.  987-992,  1989.  (JSEP) 

[6]  G.  Y.  Yeom  and  M.  J.  Kushner,  "Electrical  characteristics  of  cylindrical  magnetron  RF 
discharges  for  etching  and  deposition,"  41st  Gaseous  Electron.  Conf.,  Minneapolis,  MN,  1988; 
also.  Bull.  Am.  Phys.  Soc.,  vol.  34,  p.  324,  1989.  (JSEP) 

[7]  L.  E.  Kline  and  M.  J.  Kushner,  "Computer  simulations  of  material  processing  plasma 
discharges,"  to  be  published  in  CRC  Critical  Reviews  in  Solid  State  and  Mater.  Sci.  (JSEP) 

[8]  G.  Y.  Yeom  and  M.  J.  Kushner,  "Si/Si02  etch  properties  using  CF4  and  CHF3  in  cylindrical 
magnetron  discharges,”  to  be  published  in  Appl.  Phys.  Lett.  (JSEP) 
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WORK  UNIT  NUMBER  10 


TITLE:  I-xcitcd  Stale  Chemistry  in  Gases 


SENIOR  PRINCIPAL  INVESTIGATORS; 

J.  G.  Eden,  Research  Professor 
J.  T.  Verdeyen,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 

[1]  J.  G.  Eden,  "Photochemical  processing  of  semiconductors:  New  applications  for  visible  and 
ultraviolet  lasers,"  IEEE  Circuits  and  Devices,  voL  2,  pp.  18-24,  Jan.  1986.  (JSEP) 

[2]  J.  G.  Eden,  K.  K.  King,  E.  A.  P.  Cheng,  S.  A.  Piette,  and  D.  B.  Geohegan,  "Laser 
photochemical  vapor  deposition,"  Proc.  SPIE,  vol.  710,  pp.  43-45,  Sept.  1986.  (JSEP) 

[3]  K.  J.  Nordheden  and  J.  T.  Verdeyen,  'The  effect  of  Oxygen  on  the  etch  rate  of  NFj 
discharges,"  J.  Electrochem.  Soc.,  vol.  133,  pp.  2168-2171,  1986.  (JSEP) 

[4]  L.  J.  Overzet,  J.  T.  Verdeyen,  R.  M.  Roth,  and  F.  F.  Carasco,  "The  effects  of  modulation  on 
an  RF  discharge  in  Silane  and  on  the  deposited  a-Si:H,"  Proc.  MRS  Symp.  K:  Plasma 
Processing  and  Synthesis  of  Material,  San  Diego,  CA,  Apr.  20-24,  1987,  vol.  98,  pp.  321- 
327.  (JSEP) 

[5]  G.  A.  Hebner,  J.  T.  Verdeyen,  and  M.  J.  Kushner,  "An  experimental  study  of  a  parallel-plate 
radio-frequency  discharge:  measurements  of  the  radiation  temperature  and  electron  density," 
J.  Appl.  Phys.,  vol.  63,  no.  7,  pp.  2226-2236,  Apr,  1,  1988.  (JSEP) 

[6]  J.  T.  Verdeyen,  "Practical  microwave  diagnostics  of  plasma  processing  discharge"  (talk 
presented),  1988  Gordon  Conf.,  Tilton,  NH,  Aug.  10-15,  1988.  (JSEP) 

[7]  J.  T.  Verdeyen,  'Time-dependent  optical  and  microwave  diagnostics  of  plasma  processing 
discharges"  (talk  presented),  1988  Gordon  Conf.,  Tilton,  NH,  Aug.  10-15,  1988.  (JSEP) 

[8]  L.  J.  Overzet,  J.  H.  Beberman,  and  J.  T.  Verdeyen,  "Enhancement  of  the  negative  ion  flux  to 
surfaces  from  radio-frequency  processing  discharges,"  Paper  PA-1,  41st  Gaseous  Electron. 
Conf.,  Minneapolis,  MN,  Oct.  18-21,  1988.  (JSEP) 

[9]  S.  A.  Piette,  S.  A.,  C.  J.  Kiely,  and  J.  G.  Eden,  "A  TEM  study  of  the  structure  of 
polycrystalline  Si  films  on  (lll)Si  substrates  grown  by  low  pressure  chemical  vapor 
deposition,"  Mater.  Res.  Soc.  Symp.  Proc.  106,  Polysilicon  Films  and  Interfaces  (Dec.  1987, 
Boston,  MA),  Wong,  Thompson,  and  Tu,  Eds.:  Mater.  Res.  Soc.,  1988,  pp.  15- 
20.  (JSEP/AFOSR) 
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WORK  UNIT  NUMBER  !1 


TITl^E;  Monolithic  Millimeter-Wave  Integrated  Circuits  with  Microstrip  Antennas 


SENIOR  PRINCIPAL  INVESTIGATORS: 

S.  L.  Chuang,  Research  Associate  Professor 
Y.  T.  Lo,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 

[1]  S.  L.  Chuang  and  B.  Do,  "Electron  states  in  two  coupled  quantum  wells-A  strong  coupling-of- 
modes  approach,"  7.  Appl.  Phys.,  vol.  62,  pp.  1290-1297,  Aug.  1987.  (JSEP/Air  Force) 

(2j  S.  L.  Chuang  and  B.  Do,  "Application  of  an  improved  coupled-mode  theory  to  optoelectronic 
devices,"  Optical  Society  of  America  Ann.  Mtg.,  Rochester,  Oct.  18-23,  1987.  (JSEP/Air 
Force) 

[3]  S.  L.  Chuang,  "Integrated  optical  devices,"  1988  National  Radio  Sci.  Mtg.,  January  5-8, 
1988.  (JSEP) 

[4]  L.  Tsang,  D.  Ahn,  and  S.  L.  Chuang,  "Electric  fieid  control  of  optical  second-harmonic 
generation  in  a  quantum  well,"  Appl.  Phys.  Lett.,  vol.  52,  pp.  697-699,  Feb.  1988.  (JSEP/Air 
Force) 

[5]  L.  Tsang  and  S.  L.  Chuang,  "Improved  coupled-mode  theory  for  reciprocal  anisotropic 
waveguides,"  7.  Lightwave  Technol.,  vol.  LT-6,  pp.  304-311,  Feb.  1988.  (JSEP/NASA/NSF) 

[6]  L.  Tsang  and  S.  L.  Chuang,  "Coupled  GaAs  multiple-quantum-well  channel  waveguides 

including  quadratic  electrooptic  effect,"  7.  Lightwave  Technol.  and  IEEE  7.  Quantum 

Electron.,  joint  special  issue  on  integrated  optics,  vol.  6,  pp.  832-836,  1988.  (JSEP) 

[7]  D.  Ahn,  S.  L.  Chuang,  and  Y.  C.  Chang,  "Valence  band  mixing  effects  on  the  gain  and  the 
refractive  index  change  of  the  quantum  well  laser,"  7.  Appl.  Phys.,  vol.  64,  pp.  4056-4064. 
1988.  (JSEP/NCSA) 

[8]  D.  Ahn  and  S.  L.  Chuang,  "Model  of  the  field-effect  quantum-well  laser  with  free  carrier 

screening  and  valence  band  mixing,"  7.  Appl.  Phys.,  vol.  64,  pp.  6143-6149, 

1988.  (JSEP/NCSA) 
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WORK  UNIT  NUMBER  12 


TITLE:  Investigation  of  Radar  Scattering  Characteristics  of  Controllable  Surface  Shapes  with 
Application  to  Low  Observable  Targets 


SENIOR  PRINCIPAL  INVESTIGATOR: 
R.  Mittra,  Research  Professor 
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WORK  UNIT  NUMBER  13 


TITLE:  High-Performance  Testable  Electronic  Systems 
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J.  H.  Patel,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 

[1]  P.  Banerjee  and  J.  A.  Abraham,  "Bounds  on  algorithm-based  fault  tolerance  in  multiple 
processor  systems,"  IEEE  Trans.  Comp.,  vol.  C-35,  no.  4,  pp.  296-306,  Apr.  1986.  (JSEP) 
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(JSEP) 

[7]  W.  K.  Fuchs,  K.-L.  Wu,  and  J.  A.  Abraham,  "Comparison  and  diagnosis  of  large  replicated 
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[7]  G.  Leuker,  N.  Megiddo,  and  V.  Ramachandran,  "Linear  programming  with  two  variables  per 
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[8]  M.  L.  Brady  and  D.  J.  Brown,  "Three  layer  channel  routing  with  stacked  pins,"  in  Proc.  24th 
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[19]  V.  Ramachandran,  "Fast  parallel  algorithms  for  reducible  flow  graphs,"  Proc.  1987  Princeton 
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[23]  V.  Ramachandran  and  U.  Vishkin,  "Efficient  parallel  triconnectivity  in  logarithmic  time,"  Proc. 
Aegean  Workshop  on  Computing,  Corfu,  Greece,  June-July  19^,  Springer-Verlag  Lecture 
Notes  in  Computer  Science  319,  pp.  33-42.  (JSEP/SRC) 
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[24]  J.  Trahan,  M.  C.  Loui,  and  V.  Ramachandran,  "Multiplication,  division,  and  shift  instructions 
in  parallel  random  access  machines,"  Proc.  22nd  Ann.  Conf.  on  Inform.  Sci.  and  Sv.st., 
Princeton,  NJ.  Mar.  1988.  (JSEP) 

[25]  F.  P.  Preparata,  "Planar  point  location  revisited  (A  guided  tour  of  a  decade  of  research)" 
(Invited  paper),  in  Proc.  4th  hit.  Symp.  Foundations  of  Software  Technol.  and  Theoretical 
Comput.  Sci.,  Pune,  India,  Dec.  1988,  pp.  1-17.  (JSEP) 

[26]  F.  P.  Preparata  and  R.  Tamassia,  "Dynamic  planar  point  location  with  optimal  query  time," 
Theoretical  Comput.  Sci.  (to  appear);  also,  a  preliminary  version  in  Proc.  STACS,  Padeborn, 
W.  Germany,  Apr.  1989.  (JSEP/NSF) 

[27]  J.  L.  Trahan,  V.  Ramachandran,  and  M.  C.  Loui,  'The  power  of  parallel  random  access 
machines  with  augmented  instruction  sets,"  in  Proc.  Structure  in  Complexity  Theory:  Fourth 
Ann.  Conf.,  Eugene,  OR,  June  19-22,  1989,  pp.  97-103.  (JSEP) 

[28]  F.  P.  Preparata  and  R.  Tamassia,  "Efficient  spatial  point  location,"  in  Proc.  1989  Wkshp.  on 
Algorithms  and  Data  Structures,  Ottawa,  Canada,  Aug.  1989,  pp.  3-11.  (JSEP/Cadre) 

[29]  F.  P.  Preparata,  "Holographic  dispersal  and  recovery  of  information,"  IEEE  Trans.  Inform. 
Theory,  vol.  35,  no.  5,  pp.  1123-1124,  Sept.  1989.  (JSEP) 

[30]  R.  Tamassia  and  F.  P.  Preparata,  "Dynamic  maintenance  of  planar  digraphs,  with 
applications,"  A/gonV/t/m'ca  (to  appear).  (JSEP/NSF) 

[31]  D.  T.  Lee  and  F.  P.  Preparata,  "Parallel  batched  planar  point  location  on  the  CCC,"  Inform. 
Proce.ss.  Lett,  (to  appear).  (JSEP/NSF) 
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WORK  UNIT  NUMBER  16 


TITLE:  High-Resolution  Sensor  Array  Processing 


SENIOR  PRINCIPAL  INVESTIGATORS: 

T.  S.  Huang,  Research  Professor 
W.  K.  Jenkins,  Research  Professor 
D.  C.  Munson,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 

(IJ  D.  C.  Munson,  Jr.  and  E.  A.  Ullman,  "Support-limited  extrapolation  of  offset  Fourier  data," 
Proc.  1986  Int.  Conf.  on  Acoustics,  Speech,  and  Signal  Process.,  Tokyo,  Japan,  pp.  2483-2486, 
Apr.  7-11,  1986.  (JSEP) 

[2]  J.  Kreidle  and  W.  K.  Jenkins,  "Adaptive  digital  filters  using  the  Walsh-Hadamard  Transform," 
Proc.  Int.  Syinp.  on  Circuits  and  Syst.,  San  Jose,  CA,  pp.  875-878,  May  1986.  (JSEP) 

[3]  D.  C.  Munson,  Jr.  and  J.  L.  C.  Sanz,  "Phase-only  image  reconstruction  from  offset  Fourier 
data,"  Optical  Eng.,  vol.  25,  pp.  655-661,  May  1986.  (JSEP/IBM  Corp.) 

[4]  W.  K.  Jenkins  and  M.  D.  Desai,  'The  discrete-frequency  Fourier  transform,”  IEEE  Trans. 
Circuits  and  Syst.,  vol.  CAS-23,  no.  7,  pp.  732-733,  July  19^.  (JSEP) 

[5]  A.  C.  Bovik,  T.  S.  Huang,  and  D.  C.  Munson,  Jr.,  "Nonparametric  tests  for  edge  detection  in 
noise,"  Patt.  Recog.,  vol.  19,  no.  3,  pp.  209-219,  1986.  (JSEP) 

[6]  M.  A.  Soderstrand,  J.  K.  Jenkins,  G.  A.  Jullien,  and  F.  J.  Taylor  (eds.).  Modern  Applications 
of  Residue  Number  System  Arithmetic  to  Digital  Signal  Processing.  New  York:  IEEE  Press, 
1986.  (JSEP/NSF) 

[7]  H.  Fan  and  W.  K.  Jenkins,  "A  new  adaptive  HR  filter,"  IEEE  Trans.  Circuits  and  Syst., 
vol.  CAS-33,  no.  10,  pp.  939-947,  Oct.  1986.  (JSEP/  Al&T) 

[8]  D.  C.  Munson,  Jr.  and  J.  D.  O’Brien,  "An  analysis  of  artifacts  due  to  Fourier  domain 
interpolation,"  Proc.  Twentieth  Ann.  Asilomar  Conf.  on  Signals,  Syst.,  and  Comput.,  Pacific 
Grove,  CA,  Nov.  10-12,  1986.  (JSEP/AFWAL) 

[9]  W.  E.  Higgins  and  D.  C.  Munson,  Jr.,  "An  algorithm  for  computing  general  integer-order 
Hankel  transforms,"  IEEE  Trans.  Acoustics,  Speech,  and  Signal  Process.,  vol.  ASSP-35, 
pp.  86-97,  Jan.  1987.  (JSEP) 

[10]  A.  C.  Bovik,  T.  S.  Huang,  and  D.  C.  Munson,  Jr.,  "The  effect  of  median  filtering  on  edge 
estimation  and  detection,"  IEEE  Trans.  Pattern  Anal,  and  Machine  Int  ell.,  vol.  PAMI-9, 
pp.  181-194,  Mar.  1987.  (JSEP) 
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[11]  W.  E.  Higgins  and  D.  C.  Munson,  Jr.,  'Tomographic  image  reconstruction  via  the  Hankel 
transform  reconstruction  algorithm,"  to  appear  in  IEEE  Trans.  Medical  Imaging.  (JSEP) 

[12]  W.  K.  Jenkins  and  D.  F.  Marshall,  "On  the  analysis  and  design  of  unitary  transformations  for 
adaptive  FIR  digital  filters,"  Proc.  29th  Midwest  Svmp.  on  Circuits  and  Sv.st.,  IJncoln,  NB, 
Aug.  1986  (invited).  (JSEP/ AT&T). 

[13]  W.  K.  Jenkins,  D.  F.  Marshall,  J.  R.  Kreidle,  and  J.  J.  Murphy,  "The  u.se  of  orthogonal 
transformations  for  improving  performance  of  adaptive  filters,"  to  appear  in  IEEE  Trans. 
Circuits  and  Syst.,  Special  Issue  on  Adaptive  .Systems  and  Applications.  (JSEP/AT&'l  ) 

[14]  W.  K.  Jenkins  and  J.  D.  O’Brien,  'The  design  of  optimal  2-dimensional  windows  for  support 
regions  with  irregular  shape,"  Proc.  1986  Asilomar  Conf.  on  Signals,  Syst.,  and  Comput.,  Pacific 
Grove,  CA,  Nov.  10-12,  1986,  pp.  541-545  (Invited).  (JSEP) 

[15]  M.  Nayeri,  D.  F.  Marshall,  and  W.  K.  Jenkins,  "Relationships  between  error  surfaces  and 
adaptive  architectures  in  adaptive  filters,"  in  Proc.  Int.  Symp.  on  Circuits  and  Syst., 
Philadelphia,  PA,  May  1987,  pp.  770-780  (invited).  (JSEP/ AT&T) 

[16]  T.  S.  Huang,  K.  A.  Rinaldi,  and  H.  Lee,  “Comparison  of  phase  retrieval  algorithms,”  in 
Digital  Signal  Processing,  V.  Cappellini  and  A.  G.  Constantinides,  Eds.,  North  Holland, 
1987.  (JSEP) 

[17]  W.  K.  Jenkins,  “Analog  signal  processing,”  in  The  Encyclopedia  of  Physical  Science  and 
Technology,  Robert  A.  Meyers,  Ed.,  Academic  Press,  Inc.,  pp.  571-598,  1987.  (JSEP/NSF) 

[18]  H.  Lee,  D.  P.  Sullivan,  and  T.  S.  Huang,  “Improvement  of  discrete  band-limited  signal 
extrapolation  by  iterative  subspace  modification,”  Proc.  IEEE  Int.  Conf.  Acoustics,  Speech, 
Signal  Processing,  Dallas,  TX,  Apr.  6-9,  1987,  pp.  1569-1572.  (NSF,  Motorola,  Hughes, 
JSEP) 

[19]  D.  C.  Munson,  Jr.,  “An  introduction  to  strip  mapping  synthetic  aperture  radar,”  Proc.  IEEE 
Int.  Conf.  Acoustics,  Speech,  Signal  Processing,  Dallas,  TX,  Apr.  6-9,  1987,  pp.  2245-2248. 
(ARO,  JSEP) 

[20]  W.  K.  Jenkins,  M.  Nayeri,  D.  F.  Marshall,  and  W..  Hull,  “An  important  research  problem: 
Alternate  realizations  of  adaptive  digital  filters,”  Proc.  30th  Midwest  Symp.  on  Circuits  and 
Syst.,  Syracuse,  NY,  Aug.  16-17,  1987,  pp.  721-724  (Invited).  (JSEP/ AT&T) 

[21]  W.  K.  Jenkins,  J.  J.  Murphy,  and  D.  F.  Marshall,  “The  use  of  the  discrete  Hartley  transform 
for  improving  convergence  rates  in  adaptive  FIR  digital  filters,”  Proc.  Int.  Symp.  on  Electronic 
Devices,  Circuits  and  Systems,  Karagpur,  India,  Dec.  1987,  pp.  761-763.  (JSEP/AT&T) 

[22]  W.  E.  Higgins  and  D.  C.  Munson,  Jr.,  “  A  Hankel  transform  approach  to  tomographic  image 
reconstruction,”  IEEE  Trans.  Medical  Imaging,  vol.  7,  pp.  59-72,  Mar.  1988.  (Shell  Oil 
Co./JSEP) 

[23]  H.  Fan  and  W.  K.  Jenkins,  "An  investigation  of  an  adaptive  HR  echo  canceller:  advantages 
and  problems,"  IEEE  Trans.  Acoust.,  Speech  and  Signal  Processing,  vol.  36,  no.  12,  pp.  1819- 
1834,  Dec.  1988.  (JSEP/NSF/ AT&T) 
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[24]  J.  L.  Baiick  and  W.  K.  Jenkins,  'Tomographic  processing  of  spotlight-mode  synthetic  aperture 
radar  signals  with  compensation  for  wavefront  curvature,"  in  Proc.  IEEE  hit.  Conf.  on  Acoust., 
Speech  and  Signal  Proce.'i.'iing,  New  York,  NY,  Apr.  1988,  pp.  1192-1195.  (JSHIVARO) 

[25]  D.  F.  Marshall  and  W.  K.  Jenkins,  "A  fast  qua.si-Newton  adaptive  filtering  algorithm,"  in  Proc. 
IEEE  hit.  Conf.  on  Acouat.,  Speech  and  Signal  Processing,  New  York,  NY,  Apr.  1988, 
pp.  1377-1380.  (JSEP/AT&T) 

[26]  W.  K.  Jenkins,  J.  C.  Strait,  and  R.  P.  Faust,  "Convergence  properties  of  a  constrained  2-D 
adaptive  digital  filter,"  (invited  paper)  in  Proc.  22nd  Asilomar  Conf.  on  Signals,  Svst.,  and 
Compu/.,  Pacific  Grove,  C A,  Nov.  1988,  pp.  250-258.  (JSEP/ARO/AT&T) 

[27]  D.  F.  Marshall  and  W.  K.  Jenkins,  "Analysis  of  a  fast  quasi-Newton  adaptive  filtering 
algorithm,"  (invited  paper)  in  Proc.  1988  Conf.  on  Advances  in  Commun.  Contr.  Sy.si.,  Baton 
Rouge,  LA,  Oct.  1988,  pp.  380-391.  (JSEP/AT&T) 

[28]  W.  K.  Jenkins  and  R.  P.  Faust,  "A  constrained  two-dimensional  adaptive  digital  filter  with 
reduced  computational  complexity,"  (invited  paper)  in  Proc.  1988  hit.  Synip.  on  Circuits  and 
Syst.,  Espoo,  Finland,  June  1988,  pp.  2665-2668.  (JSEP/ARO/AT&T) 

[29]  G.  Kakazu  and  D.  C.  Munson,  Jr.,  "Linear  time-varying  design  of  generalized  windows,"  in 
Proc.  31st  Midwest  Symp.  Circuits  Sy.d.,  St.  Louis,  MO,  Aug.  9-12,  1988.  (JSEP) 

[30]  G.  Kakazu  and  D.  C.  Munson,  Jr.,  "A  linear  time-varying  framework  for  interpolation  from 
nonuniformly  spaced  samples,"  Digest  1988  IEEE  Digital  Signal  Proce.ssing  Wkshp.,  St'>nfortl 
Sierra  Camp,  South  Lake  Tahoe,  CA,  Sept.  15-17,  1988,  pp.  2. 1.1-2. 1.2.  (JSEP) 

[31]  J.  C.  Strait  and  W.  K.  Jenkins,  "Filter  architectures  and  adaptive  algorithms  for  2-D  adaptive 
digital  signal  processing,"  in  Proc.  1989  Int.  Conf.  Acoustics,  Speech,  and  Signal  Processing, 
Glasgow,  Scotland,  May  1989,  pp.  932-935.  (JSEP/ARO) 

[32]  D.  F.  Marshall,  W.  K.  Jenkins,  and  J.  J.  Murphy,  'The  use  of  transforms  for  improving 
performance  of  adaptive  filters,"  IEEE  Trans.  Circuits  Syst.,  vol.  36,  no.  4,  pp.  474-484, 
Apr.  1989.  (JSEP) 

[33]  T.  G.  McGiffen  and  W.  K.  Jenkins,  "Frequency  domain  optimization  of  multistage  separable 
FIR  filters.  Part  I:  Optimization  algorithms,"  Proc.  23rd  Ann.  Asilomar  Conf.  on  Signals,  Sy.st., 
and  Comput.,  Pacific  Grove,  CA,  Nov.  1989  (to  appear).  (JSEP) 

[34]  T.  G.  McGiffen  and  W.  K.  Jenkins,  "Frequency  domain  optimization  of  multistage  separable 
FIR  filters.  Part  II:  Results,"  Proc.  23rd  Ann.  Asilomar  Conf.  on  Signals,  Sy.u.,  and  Comput., 
Pacific  Grove,  CA,  Nov.  1989  (to  appear).  (JSEP) 
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WORK  UNIT  NUMBER  17 


TITLE:  Parallel  VLSI  Structures  for  Sensor  Array  Processing 


SENIOR  PRINCIPAL  INVESTIGATORS: 

W.  K.  Jenkins,  Research  Professor 

A.  S.  Karalamangala  (a.k.a.  K.  S.  Arun),  Research  Assistant  Professor 

B.  W.  Wah,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 

[1]  K.  S.  Arun,  "Ultra-high-speed  parallel  implementation  of  low-order  digital  filters,"  Proc.  1986 
IEEE  lilt.  Symp.  on  Circuits  and  Syst.,  San  Jose,  CA,  May  1986,  pp.  944-946.  (JSEP) 

[2]  S.  F.  Lao,  "VLSI  implementation  of  a  residue  number  digital  filter,"  Department  of  Electrical 
and  Computer  Engineering,  University  of  Illinois,  1986.  (JSEP) 

[3]  M.  Aboelaze  and  B.  W.  Wah,  "Complexities  of  layouts  in  three-dimensional  VLSI  circuits," 
CSL  Technical  Report  CSG-63,  Coordinated  Science  Laboratory,  University  of  Illinois,  Jan. 
1987.  (JSEP/NSF) 

[4]  K.  S.  Seijko,  "Adaptive  beamforming  with  the  transform  domain  LMS  algorithm,”  Technical 
Report  UILU-ENG-87-2214,  Coordinated  Science  Laboratory,  University  of  Illinois,  Feb. 
1987.  (JSEP) 

[5]  W.  K.  Jenkins  and  J.  V.  Krogmeier,  "The  design  of  dual-mode  complex  signal  processors 
based  on  quadratic  modular  number  codes,”  IEEE  Trans.  Circuits  and  Syst.,  Special  Issue  on 
Complex  Signal  Processing,  vol.  CAS-34,  no.  4,  pp.  359-364,  Apr.  1987.  (JSEP) 

[6]  M.  Aboelaze  and  B.  W.  Wah,  "Complexities  of  layouts  in  three-dimensional  VLSI  circuits," 
Proc.  Int.  Symp.  on  Circuits  and  Systems,  Philadelphia,  PA,  May  1987,  pp.  543-546 
(invited).  (JSEP) 

[7]  W.  K.  Jenkins  and  S.  F.  Lao,  'The  design  of  an  RNS  digital  filter  module  using  the  IBM 
MVISA  VLSI  design  system,"  in  Proc.  Int.  Symp.  on  Circuits  and  Syst.,  Philadelphia,  PA,  May 
1987,  pp.  126-129  (invited).  (JSEP) 

[8]  W.  K.  Jenkins  and  S.  F.  Lao,  “The  design  of  an  integrated  RNS  digital  filter  module  based  on 
serial-by-modulus  residue  arithmetic,”  Proc.  1987  Int.  Conf.  on  Signals,  Systems,  and 
Computers,  Port  Chester,  NY,  Oct.  1987,  pp.  634-638.  (JSEP/ARO) 

[9]  W.  K.  Jenkins  and  J.  T.  Chen,  “New  architectures  for  VLSI  digital  signal  processors  using 
serial-by-modulus  RNS  arithmetic”  Proc.  21st  Asilomar  Conf.  on  Signals,  Systems,  and 
Computers,  Pacific  Grove,  CA,  Nov.  1987  (invited).  (JSEP/ARO) 

[10]  B.  W.  Wah,  M.  Aboelaze,  and  W.-J.  Shang,  "Systematic  design  of  buffers  in  macropipelines  of 
systolic  arrays,"  J.  Parallel  and  Dist.  Computing,  vol.  5,  pp.  1-25,  1988.  (JSEP) 
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[11]  B.  W.  Wah  and  G.-J.  Li,  "Systolic  processing  for  dynamic  programming  problems,"  Circuits, 
Systems,  and  Signal  Processing,  vol.  7,  no.  2.  pp.  119-149,  1988.  (JSEP) 

[12]  J.  W.  O’Connell  and  W.  K.  Jenkins,  "Finite  length  effects  in  LMS  adaptive  digital 

Filters,"  in  Proc.  31st  Midwest  Symp.  Circuits  a.  ,’St.,  St.  Louis,  MO,  Aug.  1988,  pp.  563- 
566.  (JSEP/BELCORE) 

[13]  K.  S.  Arun,  "High-speed  VLSI  digital  filtering,"  Proc.  1989  SPIE  OE/LASE  Conf.  High-Speed 
Comput.,  Los  Angeles,  CA,  Jan.  1989,  pp.  72-79.  (JSEP/ARO) 

[14]  M.  Nayeri  and  W.  K.  Jenkins,  "Alternate  realizations  of  adaptive  HR  filters  and  properties  of 
their  performance  surfaces,"  IEEE  Trans.  Circuits  and  Syst.,  vol.  36,  no.  4,  pp.  485-496,  Apr. 
1989.  (JSEP/ AT&T) 

[15]  M.  Aboelaze  and  B.  W.  Wah,  "Complexities  of  layouts  in  three-dimensional  VLSI  circuits," 
Information  Science,  North-Holland  (to  appear)  1989.  (JSEP) 

[16]  W.  K.  Jenkins,  "Finite  arithmetic  concepts,"  in  Handbook  on  Digital  Signal  Processing,  J.  F. 
Kaiser  and  S.  K.  Mitra,  .Eds.  Van  Nostrum  Book  Co.  (to  appear).  (JSEP/NSF/ARO) 

[17]  W.  K.  Jenkins  and  G.  A.  Jullien,  "Modular  arithmetic  for  the  design  of  VLSI  digital  signal 
processors,"  in  IEEE  Proc.  (invited)  (to  appear).  (JSEP/NSF/ARO/NSERC) 

[18]  A.  W.  Hull  and  W.  K.  Jenkins,  "Robust  system  identification  for  nonpersistently  exciting  input 
signals,"  in  Proc.  32nd  Midwest  Symp.  on  Circuits  and  Syst.,  Champaign-Urbana,  IL,  Aug.  1989 
(invited)  (to  appear).  (JSEP) 

[19]  J.  K.  Yun  and  W.  K.  Jenkins,  "Analysis  of  fixed  point  roundoff  effects  in  transform  domain 
LMS  adaptive  filters,"  in  Proc.  1989  European  Conf.  on  Circuit  Theory  and  Design.,  Brighton, 
England,  pp.  228-232,  Sept.  1989.  (JSEP) 
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WORK  UNIT  NUMBER  18 


TITLE:  Adaptive  Algorithms  for  Identification,  Filtering,  Control,  and  Signal  Processing 


SENIOR  PRINCIPAL  INVESTIGATORS: 

P.  V.  Kokotovic,  Research  Professor 
P.  R.  Kumar,  Research  Professor 
J.  V.  Medanic,  Research  Professor 
W.  R.  Perkins,  Research  Professor 


JSEP-SPONSORED  PUBLICATIONS 


[1]  B.  D.  Riedle  and  P.  V.  Kokotovic,  "Stability  of  slow  adaptation  for  non-SPR  systems  with 
disturbances,”  in  Proc.  1986  American  Control  Conf,  Seattle,  WA,  June  1986,  pp.  97- 
102.  (JSEP/NSF) 

[2]  H.  S.  Tharp,  J.  V.  Medanic,  and  W.  R.  Perkins,  "Robust  projective  controls  for  structured 
perturbations,"  in  Proc.  1986  American  Control  Conf.,  Seattle,  WA,  June  1986,  pp.  1833- 
1838.  (JSEP) 

[3]  P.  J.  West  and  W.  R.  Perkins,  "Nash  strategies  for  discrete-time  liirear  systems  with  nuiltirate 
controllers,"  in  Proc.  1986  American  Control  Conf.,  Seattle,  WA,  June  1986,  pp.  389- 
394.  (JSEP) 

[4]  B.  D.  Riedle  and  P.  V.  Kokotovic,  "Stability  bounds  for  slow  adaptation:  An  integral 
manifold  approach,"  in  Proc.  2nd  Workshop  on  Adaptive  Systems  in  Control  and  Signal 
Processing,  Lund,  Sweden,  July  1986.  (NSF/JSEP) 

[5]  B.  Riedle,  L.  Praly,  and  P.  Kokotovic,  "Examination  of  the  SPR  condition  in  output  error 
parameter  estimation,"  Au/o/nat.,  vol.  22,  no.  4,  pp.  495-498,  1986.  (JSEP/NSF) 

[6]  P.  V.  Kokotovic  and  R.  Marino,  "On  vanishing  stability  regions  in  nonlinear  systems  with 
high-gain  feedback,"  IEEE  Trans.  Automat.  Contr.,  vol.  AC-31,  no.  10,  pp.  967-970,  Oct. 
1986.  (JSEP) 

[7]  B.  D.  Riedle,  S.  T.  Hung,  and  P.  V.  Kokotovic,  "From  off-line  tuning  to  continuous 
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The  objective  of  this  unit  is  to  provide  discretionary  funds  to  the  Director  for  support  of  new 
initiatives  on  basic  problems  of  electronic  materials,  devices,  and  systems  in  a  timely  manner  and  to 
provide  early  start-up  funding  of  projects  that  present  immediate  opportunities  of  high  scientific 
promise.  These  discretionary  funds  are  an  important  feature  of  the  JSEP  program  in  that  they  sup¬ 
port  exploratory  work  on  new  topics,  provide  matching  equipment  funds  in  the  laboratory,  and  sup¬ 
port  promising  work  of  new  faculty  where  appropriate. 

In  late  1989  construction  of  the  University  of  Illinois  EpiCenter  was  completed  and  researchers 
are  now  successfully  growing  materials.  The  EpiCenter  is  a  world-class  facility  that  consists  of  seven 
MBE  chambers  interconnected  by  high-vacuum  transfer  tubes.  Having  the  chambers,  each  of  which 
is  dedicated  to  a  different  type  of  material  growth  and  characterization,  interconnected  by  vacuum 
lines  allows  samples  to  be  moved  from  one  growth  environment  to  another  without  external  contami¬ 
nation.  Since  the  planning  for  this  new  facility  was  begun  about  five  years  ago  and  the  construction 
has  taken  two  years,  the  completion  of  this  project  is  a  major  accomplishment.  All  of  the  JSEP  dis¬ 
cretionary  funds  provided  under  Unit  23  of  the  86-89  contract  were  applied  toward  the  purchase  of 
several  MBE  chambers  that  will  support  future  MBE  research  in  the  JSEP  program.  Since  the  Epi¬ 
Center  is  described  in  detail  in  the  Annual  Progress  Report  for  year  three  of  the  contract,  further 
details  will  not  be  presented  in  this  report. 
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